IN THE modern treatment of fractures, it is now fairly well recognized that the maintenance of active function during the period of fracture healing reduces the period of disability and, by thus maintaining a normal blood supply, hastens union.
A favorable experience in the application of this principle has led us to examine the possibilities of the method of Leriche. He suggested that nonweight-bearing fractures could be treated by the injection of procaine solution and by early mobilization. His first article1 appeared in I928 and, since then, some 30 or more articles, mostly by Leriche and his students, have appeared in the French literature, with scattered articles in the Argentine, Brazilian and English, and one in the American literature. More than 200 fractures have been reported as successfully treated by this method. We wish to discuss, briefly, the theory underlying this method of fracture therapy and to cite the results we have obtained in 84 cases thus treated.
It goes without saying that this form of treatment is contrary to the longestablished principles of rest and immobilization as the best method of promoting healing in injured parts. In fact, the accepted medical thought on this subject is probably exemplified by the following question and answer, which appeared in the Journal of the American Medical Association for August I3, I9382:
Question: "Is it considered good practice to inject procaine hydrochloride into a sprained knee as routine treatment? An osteopath nearby is doing this in order that children may continue to play basketball. I advised taping the sprained knee, with rest." M. D., Colorado. Answer: "A sprain of any kind indicates injury to supporting tissues. A sprained knee should be protected against reinjury and supported either by a splint or by adhesive strapping and an elastic bandage until the injured tissues have had time to repair. Injection of procaine hydrochloride into a sprained joint, to relieve the pain so that activity may be made possible, is a dangerous procedure. The pain which is present, after such an injury, is nature's way of warning the individual that damage has been done and that further activity producing the pain is increasing the injury. The local anesthetic simply paralyzes the warning signal and is as much a mistake as it would be to disconnect the burglar or fire alarm simply because the sound of it annoyed the owner of the establishment in which it had been installed."
The theory underlying the beneficial effects obtained by procaine injection is extremely interesting. The value of the procaine in the treatment of fractures lies not in the abolition of pain, but in eliminating the vasomotor impulses due to trauma. Albert3 showed the presence of these reflexes in experimental work, in I924. He found them most pronounced following articular and para-articular trauma, and noted that the amount of vasospasm seems to bear no definite relation to the anatomic extent of the lesion. He believes his to be an axon reflex, as section of all the anterior and posterior spinal roots does not abolish this vasomotor reaction to trauma. Ochsner and DeBakey4 have added further to our knowledge of this mechanism in their work on thrombophlebitis. Experimentally, they showed that localized chemical endophlebitis results in marked arteriolar vasospasm of such severe degree that practically all pulsations are lost. They believe that this mechanism is the result of vasoconstrictor impulses originating in the involved segment and transmitted over the sympathetic nervous system, because it can be prevented by performing a sympathectomy or by blocking the sympathetic ganglia with procaine hydrochloride. They have explained the physiologic basis for the edema associated with vasospasm.
Leriche believed that the pain and disability produced by fractures near joints was the result of the same type of reflex. He obtained relief of pain and a resumption of almost normal function by interrupting the reflex arc by the injection of the sympathetic ganglia supplying the part or by local infiltration of the fracture site. We have noted also a reduction of edema following the injection of procaine solution at the injured area. That the abolition of pain per se is not the value of this form of therapy is further borne out by Leriche's5 observation that, when adrenalin is added to the procaine solution (vasoconstriction), the desired effect is not obtained, though the anesthetic effect of the procaine is prolonged. Furthermore, the pain relief persists for eight to ten hours after the anesthetic effect of procaine should have disappeared.
Leriche is so enthusiastic about the value of procaine that he recommends it to be used whether the fracture is mobilized or not. Outland and Hanlone have observed that fractures reduced under local anesthesia and then immobilized in plaster are more pain-free and are accompanied by an earlier resumption of function than when general anesthesia is used. In this connection, it is interesting to cite our experience with a Colles' fracture reduced under local anesthesia and placed in a plaster encasement. The following day the patient was quite comfortable except for pain over the ulnar styloid, which had not been infiltrated the previous day. This pain was relieved by an injection of the cervical sympathetic, and did not recur.
The question naturally arises as to whether or not active function-by early mobilization is of more beneficial effect than the procaine injection. In five fractures, excellent results were obtained by early mobilization without procaine infiltration. Three of these were in infants, and in all cases there was no edema or marked pain.
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We believe the procaine injection relieves the discomfort and edema, thus permitting early resumption of active function. These two measures allow a more adequate blood supply to be maintained, which produces an early and excellent fracture healing.
Early mobilization is of special value in minor fractures in the region of joints. With maintenance of active function during the period of fracture healing, nature is able to accommodate for the deformities in the articulating surfaces as they occur in the actual use of the joint. When these fractures are treated by immobilization during the period of fracture healing, the accommodation is only for the position in which the fracture is immobilized. This is best exemplified in fractures of the head or neck of the radius. The limitation of motion resulting in these fractures treated by immobilization is well known, whereas treatment by mobilization preserves almost normal function, even with some displacements of the fragments. Fontaine7 was the first to point out this fact, and our experience has borne out his contention.
Summarizing the theoretic background, a fairly logical sequence of events is that the original trauma produces a reflex vasospasm which causes local anoxia. This increases the permeability of the capillary walls and results in edema, which causes further pain and so ad infinitum. Local injection of procaine interrupts the reflex arc, in this way relieving reflex vasospasm, thus reversing the cycle. Thorndike's8 good results in the use of pressure dressings may well be due to an attack on this cycle at another point, that is, the edema. Improvement in the blood supply and prevention of edema are the desired effects, whether they are obtained by active motion, by blocking the vasoconstrictor impulses with local injections or ganglion infiltration with procaine or by preventing edema by applying a pressure dressing. Active function permits rapid fracture healing and an accommodation for minor articular deformities so that almost normal joint function can be preserved.
Method.-With aseptic precautions, after thorough sterilization of the skin, I or 2 per cent procaine hydrochloride solution, without adrenalin, is injected at the point of maximum tenderness. The amount varies, the injection being continued until complete relief of pain is obtained. The involved member is massaged to insure thorough dissemination of the solution and, at the same time, probably aiding the absorption of the tocal edema. We have used elastic or elastic-adhesive bandages, especially in fractures around the ankle joint, though Leriche apparently uses no supportive dressing. The patient is then instructed to use the part normally but not to put it to a test.
These patients occasionally have systemic effects as manifested by a feeling of faintness and marked perspiration. Many have an increase in pain eight to I2 hours after injection but this gradually subsides. It is well to warn the patient about this. The injections are repeated as deemed necessary, though we have not given them as frequently as Leriche. Injection and immediate mobilization is not always used as a primary treatment. In fractures with marked swelling due to hemorrhage, we have 295 FERGUSON AND ERB Annals of Surgery August. 1941 applied compression bandages or splints with elevation of the part until the swelling begins to recede. This means three to five days, after which we inject and begin mobilization.
Indications and Contraindications.-Not every fracture lends itself to injection and mobilization. It cannot be used in fractures of weight-bearing bones nor in those which require immobilization dressings for maintaining reduction. It may be used, however, in fractures of non-weight-bearing bones which do not require reduction and is especially indicated in fractures about joints.
Advantages.-The advantages of this method of therapy lie not alone in its relief of pain. One of its chief virtues consists in the ability to permit the patient to resume normal or slightly restricted function at an early date, without the disability of cumbersome splints or plaster encasements and crutches or canes. The final and important advantage is the excellent functional results which can be obtained, avoiding in some instances prolonged and even permanent disability that is often encountered in articular fractures treated by immobilization.
Results.-We have treated 84 fractures by early mobilization, with procaine injections in all but four cases (Table I) Fractures about the Ankle.-The greater number of reported fractures treated by this method have been around the ankle joint. These vary in degree from sprain fractures of one malleolus to trimalleolar fractures without displacement. Campbell believes only minor fractures around the ankle joint should be treated in this manner. He defines a minor fracture as one in which only one malleolus is broken with an intact ligament on the opposite side, as evidenced by the absence of pain on pushing the foot toward the fractured side. Cullumbine10 increases the indication to those in which there is no displacement. We treated 22 fractures around the ankle joint; of these, there were six sprain-fractures, one internal malleolus, ii external malleoli, two bimalleolar and two bimalleolar with posterior lipping fractures (Table II) .
These cases were all allowed to bear weight on an average of four days after fracture, the quickest weight-bearing being immediate, and the longest 14 days after injury. The average period of disability was 15 days, the 296 Volume 114 NON-WEIGHT-BEARING FRACTURES Number 2 extremes being three and 30 days. This does not mean these patients' ankles were perfectly normal, but they were able to go about their usual occupation without much discomfort. In addition to an average of two injections, In these fractures about the ankle, sprain-fractures, fissure-fractures ( Fig. i) and fractures of the fibula above the malleolus (Fig. 2) , respond very well to this form of therapy. Greater care, perhaps with temporary (five or six days) splinting, must be exercised in bimalleolar and trimalleolar fractures, in order to insure preservation of the mortise (Fig. 3 ).
Tarsal and Metatarsal Fractures.-There were I3 patients in this group (Table III) . The average period of disability was about ten days, the shortest one being one day and the longest 30 days. Six patients were able to resume normal function in five days or less. Four others were not seen for treatment until six to ten days after the fracture.
The commonest site of injury was the base of the fifth metatarsal. In addition to the procaine injections, adhesive strapping or other support was usually employed and the patient was asked to walk immediately. Practically all patients walked without the aid of crutches following the first injection. An excellent result showing the saving in time and compensation was obtained in one patient (Fig. 4) . Fractures and three of the fingers (Table IV) . The fractures of the toes were mostly complete fractures of the proximal phalanges.
Fractures of the toes are very difficult to immobilize properly. The average tongue-depressor splint places an additional strain on the fracture site and frequently increases the discomfort. We have found that injection and support with snug adhesive strapping results in rapid union in these fractures, with a minimum of disability and inconvenience (Fig. 5 ). Small chip-fractures of the phalanges of fingers are best treated by mobilization. Probably, everyone has seen stiff fingers resulting from immobilization due to adhesions of the extensor tendon. These are extremely difficult cases to treat and we believe they can be prevented by procaine inj ection and early mobilization. (Table V) . All had impaction with displacement of minor degree. The greater tuberosity was fractured in three cases. In all but one case, some form of fracture 298 NON-WEIGHT-BEARING FRACTURES per cent shoulder function within two and one-half months after injury. In our experience, this is quite unusual for this type of fracture in the older age-group (Fig. 6 ).
Fractures around the Elbow.-There were nine patients with fractures in the region of the elbow; two of these were bilateral, making ii fractures (Table VI ). The limitation of motion which follows the immobilization of these fractures does not appear when active function is permitted during the early stages of fracture healing. The average period of disability of the elbow was ten days in these i i fractures. Exceptional results were noted in four fractures of the head and neck of the radius. All cases obtained almost normal functional results in eight to I2 days.
We have had no instance of an ossifying hematoma appearing in the small series treated by this method (Fig. 7) . Fractures of the Lower End of the Radius.-The five fractures of the lower end of the radius were all so-called checkor crumble-fractures, with fracture of the styloid process (Table VII) . However, there was consider- NON-WEIGHT-BEARING FRACTURES able edema, pain, and disability present, although there was no displacement. In other words, these were cases which would probably have been diagnosed a bad sprain before the days of roentgenography. One patient, age 45, with a check-fracture of the radius and a chipfracture of the cuneiform, was injected with procaine after four days' immobilization on a hand-splint. On removal of the splint, any voluntary motion of the fingers was painful. She was unable to pick up her pocketbook. Immediately after injection, she was able to pick up objects. Three days later she was able to use her hand. She had not experienced the usual after-pain. Six days after injection, all swelling had disappeared; the patient had no pain, but there was still slight tenderness over the radial styloid. One month later, function was excellent, and there was no pain present. (Table VIII) . This was probably due to improper selection of cases, as both cases we listed as unsatisfactory had some displacement of the fragments and reduction should have been attempted immediately. After failure, these were treated in a plaster encasement, following an attempt to improve the position of the fragments. Both of these cases eventually obtained a quite satisfactory end-result. Excellent results were obtained in fractures without displacement by injection and early mobilization. Clavicle and Rib Fractures.-Except for two fractures of the tip of the clavicle, injection and mobilization seemed to have little more to offer than 303 FERGUSON AND ERB~~A ugust, 1941 other types of treatment which permit early function. However, our experience was rather limited. Also, fractured ribs did not give as good results as we had anticipated (Table IX) . Certainly they are ideal, theoretically, for this form of therapy. Most of these patients were very heavy, and possibly our lack of success should be attributed to improper technic rather than method. A patient who had disability for almost two months was promptly relieved by regional nerve block with procaine and alcohol, as recommended by Rovenstine and Byrd." (Table X) . This is a fracture that certainly has been overtreated. It is hard to conceive how this fracture can be immobilized under any circumstance, either by bed rest or the application of a plaster encasement. The following case illustrates the therapy in these cases: Case Report.-On January 5, I941, a male, age 36, fell, striking the lower back on a block. There was tenderness over the third and fourth transverse processes and erector spinae muscles. The patient was injected and strapped on January 8, I941. This was repeated on four occasions, the last injection being given on January 29, i94i . He returned to work the day after the first injection. Slight discomfort was present until February i8. Follow-up examination, March 26, showed no symptoms and the patient could move his back in all directions without discomfort (Fig. 8) . 305 August, 1941
COMMENT.-Callus formation does not appear to have been delayed in these cases. As a matter of fact, one is impressed by the early formation of callus. We wish to cite two cases who were treated only by mobilization: Case I.-A male, age two and one-half, fell from a scooter on February 7, 1941, injuring both arms. Roentgenograms, February Io, showed a fracture of the external condyle on the left, and of both condyles on the right side. There was no displacement and, in view of the fact that the child was uncooperative and it would have been extremely difficult to adequately immobilize-these fractures, the arms were simply mobilized. One week later, the child used the arms without apparent pain. Roentgenograms, February 24, only 17 days after injury, showed excellent callus formation. Final examination, March 3, showed excellent function, although flexion was still slightly limited. Case 2.--A child, age two, fell from a chair, January 12, I94I. The mother treated the arm with applications of Epsom salt. Because of slight deformity in the arm, the child was brought into the hospital. Roentgenograms showed fracture of both bones of the forearm, with callus formation ii days after injury (Fig. 9 ). The arm was splinted. All splints were removed in five days. Final examination, February I2, showed no pain, tenderness, or discoloration. Slight angulation was present.
From these two cases, one might assume that the most important factor in this method of treatment is mobilization, and one might question whether the procaine has any benefit. There were nine cases in this series which were seen late, an average of I9 days after injury; the shortest time elapsed was ten days and the longest, 50 days. All these cases complained of pain and disability. They were all relieved by procaine injection sufficient to permit resumption of active function. This would tend to prove that mobilization is not the only factor.
SUMMARY AND CONCLUSIONS
The methods employed and the results obtained in 84 fractures treated by this method.are reported. The results were unsatisfactory in only four cases, and in no case was the eventual end-result impaired by an attempt at this method of therapy.
Many minor fractures are best treated by early mobilization and procaine injection. The procaine injection at the site of fracture or into the sympathetic ganglia interrupts the reflex which produces vasomotor changes, edema, and pain at the injured site. Early mobilization is thereby permitted, and rapid and excellent fracture healing results. The period of disability is reduced and the eventual end-result is improved in many instances, especially in articular fractures.
Only fractures which do not require reduction in non-weight-bearing bones can be treated by this method.
